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ABSTRACT
AXJ0049.4−7323 is a Be/X-ray binary in the Small Magellanic Cloud hosting a ∼ 750 s pulsar which has been observed over the
last ∼17 years by several X-ray telescopes. Despite numerous observations, little is known about its X-ray behaviour. Therefore,
we coherently analysed archival Swift, Chandra, XMM-Newton, RXTE, and INTEGRAL data, and we compared them with already
published ASCA data, to study its X-ray long-term spectral and flux variability. AX J0049.4−7323 shows a high X-ray variability,
spanning more than three orders of magnitudes, from L ≈ 1.6 × 1037 erg s−1 (0.3−8 keV, d = 62 kpc) down to L ≈ 8 × 1033 erg s−1.
RXTE, Chandra, Swift, and ASCA observed, in addition to the expected enhancement of X-ray luminosity at periastron, flux variations
by a factor of ∼ 270 with peak luminosities of ≈ 2.1 × 1036 erg s−1 far from periastron. These properties are difficult to reconcile
with the typical long-term variability of Be/XRBs, traditionally interpreted in terms of type I and type II outbursts. The study of
AX J0049.4−7323 is complemented with a spectral analysis of Swift, Chandra, and XMM-Newton data which showed a softening
trend when the emission becomes fainter, and an analysis of optical/UV data collected by the UVOT telescope on board Swift. In
addition, we measured a secular spin-up rate of P˙ = (−3.00± 0.12)× 10−3 s day−1, which suggests that the pulsar has not yet achieved
its equilibrium period. Assuming spherical accretion, we estimated an upper limit for the magnetic field strength of the pulsar of
≈ 3 × 1012 G.
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1. Introduction
AX J0049.4−7323 was discovered by Ueno et al. (2000) in
ASCA observations of the Small Magellanic Cloud (SMC). It
hosts a neutron star (NS) with a pulse period of ≈ 750 s
(Yokogawa et al. 2000) and a Be star (Edge & Coe 2003) of
spectral type O9.5-B0.5 III-V (McBride et al. 2008). A spectro-
scopic analysis of the optical counterpart of AX J0049.4−7323
showed a double-peaked Hα emission profile, suggesting
that the circumstellar disc was observed through the plane
of rotation (Edge & Coe 2003). Laycock et al. (2005) and
Cowley & Schmidtke (2003) detected a periodicity of ≈ 395 d in
X-ray and optical bands interpreted as the orbital period of the
NS. Schmidtke et al. (2013) combinedMACHO and OGLE data
to refine the optical period and ephemeris to Porb = 393.1±0.4d
and T0 = 52979.5± 4MJD. Coe & Edge (2004) noticed that the
two RXTE outbursts (exceeding 3× 1037 erg s−1 in 3−10 keV, as-
suming a distance of d = 62 kpc) used by Laycock et al. (2005)
to estimate the orbital period were synchronized with the optical
outbursts. Galache et al. (2008) reported further RXTE/PCA de-
tections of AX J0049.4−7323 in outburst, the brightest of which
lasted three weeks. AX J0049.4−7323 was also detected by IN-
TEGRAL during an outburst that reached an X-ray luminosity
& 1037 erg s−1 (Coe et al. 2010). AX J0049.4−7323 was also de-
tected three times by ASCA. In all these cases, it was observed
far from the optical outbursts and it showed an X-ray luminosity
of 5 × 1035 erg s−1 (Coe & Edge 2004). An analysis of archival
ROSAT and Einstein data showed AX J0049.4−7323 at a rel-
atively low luminosity level (≤ 5 × 1035 erg s−1) for over 20
years (Yokogawa et al. 2000). As noted by Coe & Edge (2004),
the three ASCA detections at high X-ray luminosities were diffi-
cult to explain in the context of the typical variability displayed
by Be/X-ray binaries (Be/XRBs). In general, Be/XRBs are tran-
sient X-ray sources with high eccentric orbits (e & 0.3; Reig
2011). The bright X-ray events characterizing the X-ray vari-
ability of Be/XRBs are schematically divided into two groups,
called type I and type II outbursts. Type I outbursts are pe-
riodic (or quasi-periodic) events, occurring in correspondence
with the periastron. They last for a small fraction of the or-
bit (0.2−0.3Porb) and their maximum luminosity is typically of
the order of . 1037 erg s−1. They exceeds at least two orders
of magnitude with respect to the quiescent state, when the lu-
minosity is . 1035 erg s−1. Type II outbursts are not periodic
and can peak at any orbital phase. They are brighter than type
I outbursts and can reach X-ray luminosities of ≈ 1038 erg s−1.
They last for a large fraction of the orbit or for several orbital
periods (Reig 2011). Tidal and resonant interactions of the NS
with the circumstellar disc can lead to the truncation of the latter
at a radial distance which depends on the viscosity of the disc
(Okazaki & Negueruela 2001; Negueruela & Okazaki 2001). In
binary systems with low eccentricity (e . 0.2), the gap size be-
tween the outer radius of the truncated disc and the orbit is so
large that no type I outbursts occur. These systems show only
type II outbursts and only occasionally type I outbursts, when
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the disc is strongly disturbed (Reig 2011). In binary systems with
high eccentricity (e & 0.6) the disc truncation is not efficient. At
every periastron passage, the mass accretion rate is large enough
to cause regular type I outbursts (Okazaki & Negueruela 2001).
For systems with moderate eccentricity, the situation is more
complicated. The global properties of their X-ray variability de-
pend more closely on the orbital separation and viscosity proper-
ties of the circumstellar disc (Okazaki & Negueruela 2001). The
ASCA detections at luminosities of 5 × 1035 erg s−1 could not be
classified as type I because they were not observed at periastron
and they were not bright enough for type II (Coe & Edge 2004).
The observations in hand of Coe & Edge (2004) were insuffi-
cient to draw further conclusions about the anomalous X-ray be-
haviour shown by AX J0049.4−7323. Therefore, the aim of this
work is to provide a detailed analysis of the largest possible set of
X-ray data to infer more information about the main properties
of this system through a global study of the X-ray long-term flux
and spectral variability. We coherently analysed Swift (XRT and
UVOT), Chandra, XMM-Newton, RXTE, and INTEGRAL data
(collected over the last ∼17 years and corresponding to a total
exposure time of ∼ 5.86Ms; Sect. 2). The results are presented
in Sect. 3 and discussed in Sect. 4.
2. Reduction and data analysis
2.1. Swift
The SMC has been observed repeatedly with Swift (Gehrels et al.
2004) since its launch; in particular, starting on 2016 June 8,
the SMC has been observed as part of the Swift survey of the
Small Magellanic Cloud (Kennea et al. 2016). Therefore, we
collected all observations in which the source was within the
field of view of the narrow-field instruments, the X-ray Tele-
scope (XRT, Burrows et al. 2005) and the UV/Optical Telescope
(UVOT, Roming et al. 2005). The observations are listed in Ta-
ble 1.
The XRT data were uniformly processed and analysed using
the standard software (FTOOLS1 v6.20), calibration (CALDB2
20170501), and methods. We used the task xrtpipeline (v0.13.3)
to process and filter the XRT data, and extracted source events
from a circular region with a radius of 10 pixels (1 pixel cor-
responds to 2.36′′). Background events were extracted in most
cases from an annular region with an inner radius of 30 pixels
and an external radius of 70 pixels centred at the source posi-
tion, the exception being when the source was close to the edge
of the FOV; in this case we used a circular region (with a radius
of 50 to 70 pixels). The data are not affected by pile-up. The XRT
light curvewas corrected for PSF losses and vignetting and back-
ground subtracted. For the spectral analysis, we extracted events
in the regions described above. Then, we used xrtmkarf to gen-
erate ancillary response files that account for different extraction
regions, vignetting, and PSF corrections. Spectra were extracted
in each individual observation and in several datasets combined.
All were binned at 1 count per bin and fit adopting Cash (Cash
1979) statistics.
When no detection was achieved, the corresponding 3σ up-
per limit on the X-ray count rate was estimated by using the
tasks sosta and uplimit within XIMAGE (with the background
calculated in the neighbourhood of the source position) and
the Bayesian method for low-count experiments adapted from
Kraft et al. (1991).
1 https://heasarc.gsfc.nasa.gov/ftools/ftools_menu.html.
2 https://heasarc.gsfc.nasa.gov/docs/heasarc/caldb/caldb_intro.html.
UVOT observed the target simultaneously with XRT. As the
observations were obtained from the Swift archive, there is no
uniformity of filter usage in the UVOT data. The data analysis
was performed using the uvotimsum and uvotsource tasks in-
cluded in FTOOLS. The uvotsource task calculates the magni-
tude of the source through aperture photometry within a circular
region centred on the best source position and applies the re-
quired corrections related to the specific detector characteristics.
We adopted a circular region with a radius of 5 ′′ for the pho-
tometry of the different sources. The background was evaluated
in all cases by using circular regions with a radius of 10 ′′. For
the magnitude uncertainties, we added in quadrature the system-
atic errors provided by uvotsource.
2.2. Chandra
Chandra data have been explored to analyse the long-term be-
haviour of AX J0049.4−7323. We extracted images for each
of the Chandra observations in which the source was detected
within the ACIS field of view (see Table 3). We applied the lat-
est Chandra calibration files to each image and we reduced the
data with the Chandra Interactive Analysis of Observations soft-
ware package (CIAO, version 4.9). Source fluxes were extracted
with the CIAO tool srcflux (Glotfelty 2014). We extracted source
events from circular regions with radius of about 3′′ − 5′′, while
the background was extracted from an annular region around the
source, with internal radius as large as twice that of the source
region and outer radius equal to about 5 times the source radius.
The extraction energy band was constrained to 0.3 − 8 keV. Due
to the low count rates detected from this source and its periph-
eral position on the ACIS detectors (which smears the detection
region), pile-up effects are negligible (pile-up fraction generally
< 1%). Chandra spectra have been extracted using the CIAO
specextract tool and analysed using XSPEC (ver. 12.9.1, Arnaud
1996). Spectral channels were rebinned to contain at least 25
photons per energy bin.
2.3. XMM-Newton
XMM-Newton observed three times the field around
AXJ0049.4−7323: 2000-10-15 15:09:54 (UTC), 2007-04-
11 19:37:46, and 2009-10-03 05:08:04 (see Table 3). The
data analysis of each observation was performed through the
XMM-Newton Science Analysis System (SAS) sofware (version
15.0.0). Time intervals affected by high background were
excluded, and calibrated event lists for pn, MOS1, and MOS2
were produced using the epproc and emproc tasks. For the pn
data we used single- and double-pixel events (PATTERN≤4),
while for the MOS data, single-pixel to quadruple-pixel events
(PATTERN≤12) were used. For each observation we extracted
in each detector the source events in circular regions centred on
the target, using appropriate radii, according to the brightness
of the source and its location in the detector. Background events
were accumulated from source-free circular regions far from the
point spread function of the source. We extracted the spectra of
the first two observations. Spectral channels were rebinned to
contain at least 25 photons per energy bin. For each observation,
we fitted all the available EPIC spectra simultaneously using
XSPEC.
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Table 1. Summary of the Swift/XRT observations. XRT was set in PC mode in all the observations listed below. Observations for which it was
possible to extract meaningful X-ray spectra and fluxes are indicated with a star. Observations with the source within the UVOT field of view are
indicated with the name of the filter used in the observation.
Sequence X-ray UVOT Start time (UT) End time (UT) Exposure Sequence X-ray UVOT Start time (UT) End time (UT) Exposure
analysed analysed (s) analysed analysed (s)
00037787001 * M2 W1 W2 2008-08-18 02:52:37 2008-08-18 18:59:56 3079 00048739013 2016-08-31 09:22:09 2016-08-31 09:23:09 43
00031428001 * 2009-06-21 01:24:19 2009-06-21 03:04:54 552 00048724014 2016-09-21 03:17:39 2016-09-21 03:18:44 58
00090522001 * M2 2010-12-12 02:58:33 2010-12-12 12:30:58 9929 00048739014 2016-09-21 03:39:49 2016-09-21 03:40:47 55
00090522002 * 2011-02-13 17:49:56 2011-02-14 19:44:56 6359 00048724015 2016-09-28 09:11:41 2016-09-28 09:12:41 48
00090522003 * 2011-02-15 00:21:13 2011-02-15 21:38:58 1462 00048724016 W1 2016-10-05 11:25:51 2016-10-05 11:26:49 38
00090522004 * 2011-02-16 07:10:52 2011-02-16 18:16:56 2700 00048739016 2016-10-05 11:47:55 2016-10-05 11:48:53 40
00090522005 * 2011-04-29 01:00:08 2011-04-30 23:46:58 9982 00048724017 2016-10-12 08:02:59 2016-10-12 08:03:52 48
00040442001 * 2011-06-30 04:25:01 2011-06-30 07:52:58 2259 00048739017 2016-10-12 10:48:53 2016-10-12 10:49:51 58
00040462001 * 2011-08-19 05:28:07 2011-08-19 15:11:56 562 00048724018 2016-10-19 10:28:48 2016-10-19 10:29:51 25
00040439001 * 2011-08-20 02:19:53 2011-08-20 18:27:58 1908 00048739018 2016-10-19 11:58:03 2016-10-19 11:59:03 55
00040440001 * M2 W1 W2 2011-08-20 13:33:54 2011-08-20 23:16:56 1637 00048724019 2016-10-25 11:35:40 2016-10-25 11:36:40 53
00040440002 * M2 W1 W2 2011-08-21 21:40:40 2011-08-21 21:44:56 243 00048739019 2016-10-25 21:07:21 2016-10-25 21:09:19 108
00032075002 * 2011-08-24 00:45:07 2011-08-24 23:34:56 6253 00048724020 2016-10-26 03:24:19 2016-10-26 03:25:22 58
00032080001 * U 2011-08-24 17:02:34 2011-08-24 18:47:49 2941 00048739020 2016-10-26 04:59:44 2016-10-26 05:00:44 25
00032075003 * 2011-08-25 06:58:37 2011-08-25 23:38:57 10531 00048724021 2016-11-09 15:28:28 2016-11-09 15:29:21 38
00040462002 * 2011-08-26 18:43:23 2011-08-27 04:31:57 983 00048739021 2016-11-09 15:50:24 2016-11-09 15:51:24 48
00040462003 * 2011-08-28 02:49:10 2011-08-29 22:16:54 1113 00048724022 2016-11-16 07:00:10 2016-11-16 07:01:10 53
00040439002 * 2011-08-29 01:10:58 2011-08-29 01:21:57 639 00048739022 2016-11-16 08:36:18 2016-11-16 08:37:18 43
00040440003 * M2 W1 W2 2011-08-31 09:11:41 2011-08-31 09:25:56 835 00048724023 2016-11-23 15:57:43 2016-11-23 15:58:26 20
00040439003 * 2011-08-31 22:02:14 2011-08-31 22:10:58 501 00048739023 2016-11-23 17:27:14 2016-11-23 17:28:16 58
00032194001 * 2011-11-29 09:59:47 2011-11-29 10:15:57 948 00048724024 2016-11-30 07:31:42 2016-11-30 07:32:35 38
00034071001 * U 2015-09-24 02:21:22 2015-09-24 05:27:20 444 00048725024 2016-11-30 08:47:34 2016-11-30 08:48:29 45
00088083001 * 2017-03-12 01:58:46 2017-03-13 19:33:52 7226 00048724025 2016-12-07 07:54:38 2016-12-07 07:55:41 45
00088083002 * M2 2017-03-14 00:03:15 2017-03-14 06:35:53 7311 00048739025 2016-12-07 08:16:44 2016-12-07 08:17:44 45
00088083003 * M2 2017-03-15 01:30:52 2017-03-15 11:40:52 7304 00048724026 2016-12-14 05:46:44 2016-12-14 05:47:44 40
00048724001 W1 2016-06-08 03:50:57 2016-06-08 03:51:57 38 00048739026 2016-12-14 07:18:47 2016-12-14 07:19:49 50
00048739001 W1 2016-06-08 06:51:07 2016-06-08 06:52:08 50 00048724027 2016-12-29 08:21:11 2016-12-29 08:22:12 58
00048724002 2016-06-16 02:58:52 2016-06-16 02:59:50 45 00048739027 2016-12-29 09:57:26 2016-12-29 09:58:24 38
00048739002 2016-06-16 04:29:12 2016-06-16 04:30:12 50 00048724028 2017-01-05 14:04:49 2017-01-05 14:05:52 50
00048724003 2016-06-24 03:38:32 2016-06-24 03:39:32 48 00048725028 2017-01-05 14:06:15 2017-01-05 14:07:20 15
00048724004 2016-06-28 12:45:00 2016-06-28 12:46:03 53 00048739028 2017-01-05 15:31:55 2017-01-05 15:32:58 45
00048739004 2016-06-28 14:21:43 2016-06-28 14:22:43 53 00048724029 2017-01-11 08:32:58 2017-01-11 08:34:00 63
00048724005 2016-07-06 12:21:15 2016-07-06 12:22:10 53 00048739029 2017-01-11 08:55:05 2017-01-11 08:56:03 55
00048739005 2016-07-06 13:58:44 2016-07-06 13:59:39 55 00048724030 2017-01-18 08:09:37 2017-01-18 08:10:40 55
00048724006 2016-07-10 11:32:55 2016-07-10 11:33:53 50 00048739030 2017-01-18 14:43:56 2017-01-18 14:44:59 63
00048739006 2016-07-10 11:54:55 2016-07-10 11:56:00 60 00048724031 2017-01-25 05:39:04 2017-01-25 05:40:04 45
00048739007 2016-07-15 17:43:27 2016-07-15 17:44:25 45 00048739031 2017-01-25 10:28:48 2017-01-25 10:29:53 45
00048724007 2016-07-15 16:01:34 2016-07-15 16:02:27 43 00048724032 2017-02-01 02:03:17 2017-02-01 02:04:20 50
00048724008 M2 2016-07-29 17:06:29 2016-07-29 17:07:34 55 00048739032 W1 2017-02-01 03:35:31 2017-02-01 03:36:34 43
00048739008 2016-07-29 18:43:22 2016-07-29 18:44:22 50 00048724033 W1 2017-02-22 05:16:52 2017-02-22 05:17:50 40
00048724009 2016-08-03 03:55:41 2016-08-03 03:56:46 63 00048724034 W1 2017-03-08 02:41:19 2017-03-08 02:42:19 53
00048739009 2016-08-03 05:34:08 2016-08-03 05:35:13 45 00048724035 2017-03-14 06:59:50 2017-03-14 07:00:53 60
00048724010 2016-08-10 01:57:56 2016-08-10 01:58:56 48 00048739035 2017-03-14 08:25:03 2017-03-14 08:25:58 43
00048739010 2016-08-10 05:13:19 2016-08-10 05:14:21 53 00048724036 2017-03-22 04:23:21 2017-03-22 04:24:14 35
00048724011 W1 2016-08-17 08:55:58 2016-08-17 08:56:53 43 00048739036 2017-03-22 07:29:17 2017-03-22 07:30:20 63
00048739011 2016-08-17 10:34:53 2016-08-17 10:35:48 40 00048739033 2017-02-22 05:38:49 2017-02-22 05:39:54 45
00048724012 W1 2016-08-24 10:03:49 2016-08-24 10:04:47 45 00048724037 2017-03-29 17:57:20 2017-03-29 17:58:25 5
00048739012 W1 2016-08-24 11:33:56 2016-08-24 11:34:57 48 00048739037 2017-03-30 00:06:23 2017-03-30 00:07:19 35
00048724013 W1 2016-08-31 07:55:06 2016-08-31 07:55:56 30
2.4. RXTE
We analysed RXTE/PCA corresponding to the detections re-
ported in Yang et al. (2017) and Klus et al. (2014). We used
Standard 2 mode PCA data and, for each observation, we ex-
tracted light curves in the 3−10 keV energy range, with time bins
of 16 s. Data were screened with standard criteria. Corrections
for deadtime were applied. We selected events in all the active
PCUs and layers. The barycentric correction was applied using
faxbary.
2.5. INTEGRAL
We used data collected by the detector ISGRI of the coded-mask
telescope IBIS (Lebrun et al. 2003; Ubertini et al. 2003). ISGRI
operates in the energy band ∼ 15 − 400 keV. INTEGRAL obser-
vations consist of pointings called science windows (ScWs). We
performed the data reduction using the Off-line Science Anal-
ysis (OSA) 10.2 software. We analysed the public data from
2003 July 23 to 2015 December 7 (52843.96−57363.26MJD)
in which AX J0049.4−7323 was within 12◦ of the centre of the
IBIS/ISGRI field of view3. The total exposure time is ≈ 5.86Ms.
3 At larger off-axis angle the response is not well known. See the
INTEGRAL data analysis documentation: http://www.isdc.unige.
ch/integral/analysis#Documentation
INTEGRAL observations from 2008 November 11 to 2009 June
25 were already analysed and the results presented in Coe et al.
(2010). These data are re-analysed here to ensure uniformity.
3. Results
3.1. Spectral analysis
For Chandra, XMM-Newton, and Swift observations with suffi-
ciently high statistics, we extracted X-ray spectra. We found that
a simple absorbed power law model instead of a more compli-
cated model, such as an absorbed cutoff power law, can describe
the spectra adequately well. This is due to the relatively poor
statistics and the high value of the e-folding energy of this source
which, according to Laycock et al. (2005), is Ef = 14 keV, hence
outside of the energy range covered by our data. For the ab-
sorption component, we adopted tbabs in XSPEC. The val-
ues of the spectral parameters are listed in Table 3. The Galac-
tic absorption in the direction of AX J0049.4−7323 ranges from
NH ≈ 4×1020 cm−2 to NH ≈ 4×1021 cm−2 (Kalberla et al. 2005;
Dickey & Lockman 1990). Due to this large uncertainty, we de-
cided not to include a fixed foreground absorption component
in the spectral model. The column densities resulting from the
spectral fit (Table 3) are always slightly higher than the lower
value of the foreground absorption reported above, indicating a
non-negligible intrinsic absorption around the source. For ob-
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Fig. 1. Top panel: Column density and photon index as a function of the
absorbed flux (errors quoted at 1σ c.l.). The plotted values correspond
to those listed in Table 3. The anti-correlation Γ vs flux is emphasized
by the dot-dashed line, which shows the best linear fit (Γ vs log10 Fx).
Bottom panel: Confidence contours at 68%, 95%, and 99% in the NH−Γ
plane of the Chandra spectrum at the lowest luminosity level and the
XMM-Newton spectra.
servations with insufficient statistics to perform a spectral anal-
ysis, we reported in Table 3 the flux in the range 0.3−8 keV
obtained from the conversion of the count rate, assuming an
absorbed power law spectrum with NH = 4 × 1021 cm−2 and
photon index of 0.8. The results of the spectral analysis of the
two XMM-Newton observations 0110000101 and 0404680301
and the Chandra observations 8479, 7156, and 8481 are consis-
tent, within the 90% confidence level (c.l.) with those reported
in Haberl & Pietsch (2004); Haberl et al. (2008), and Hong et al.
(2017). The observed X-ray fluxes are also consistent with those
reported by Yang et al. (2017). The results from the other obser-
vations are published here for the first time. The slopes of the
power law given in Table 3 are typical of accreting pulsars.
We grouped the Chandra observations of the source detected
at the lowest luminosity state (when Fx < 10−12 erg cm−2 s−1) to
perform a meaningful spectral analysis. The resulting average
spectrum can be fitted with an absorbed power law model with
NH = 0.73
+0.26
−0.2410
22 cm−2, Γ = 1.63+0.28
−0.26 , χ
2
ν = 1.23 (11 d.o.f.).
The power law slope is higher than in the observations where the
source is detected at higher fluxes (Table 3).
The upper panel of Fig. 1 shows the values of NH and Γ in
Table 3 as a function of the absorbed flux. The plot shows that
the spectral slope softens at lower fluxes (Γ = (−4.0 ± 1.7) ×
log10 Fx − (0.4 ± 0.14), errors quoted at 1σ c.l.). To quantify
the significance of the anticorrelation Γ versus flux, we calcu-
lated the Pearson’s linear coefficient r and the null hypothesis
probability p in the log10 x − y space. We found r = −0.83 and
p = 0.5%. The parameter NH does not show a significant corre-
lation with flux; in fact, a linear fit of NH versus log10 Fx results
in NH ∝ (0.17 ± 0.22) × log10 Fx, where the error is quoted at
2σ c.l. The slope is thus consistent with zero at 2σ c.l. To high-
light the significant spectral variability of AX J0049.4−7323, we
show in Fig. 1, lower panel, the 68%, 95%, and 99% confidence
contours in the NH − Γ plane of the average Chandra spectrum
at the lowest luminosity level (the ‘combined’ spectrum in Table
3) and the XMM-Newton spectra where the flux was up to ∼20
times larger.
3.2. Timing analysis
We used the Lomb–Scargle periodogram technique
(Press & Rybicki 1989) to search for periodicities in XMM-
Newton, Chandra, and RXTE data. Swift observations were
too short compared to the spin period of AX J0049.4−7323 to
search for periodicities. For RXTE data, we performed timing
analysis in each observation and in groups of observations
within one day. We searched for periodicities within a small
window ranging from 720 s to 780 s. We set the limits of
this window on the basis of the spin period history of the
source reported by Yang et al. (2017). We set a false alarm
probability of detection of 99.9%. The number of independent
trial frequencies was calculated according to equation 13
of Horne & Baliunas (1986). We detected pulsations in the
XMM-Newton observations 0110000101 and 0404680301,
and in the Chandra observations 8479, 7156, and 8481. For
these observations, our measurements of the spin period are
in agreement with those reported in Haberl et al. (2008) and
Hong et al. (2017), hence hereafter we use the Chandra and
XMM-Newton spin periods published in those papers. In the
other Chandra and XMM-Newton observations we did not
detect any pulsating signal probably because of the insufficient
statistics (see Sect. 4.2.1). We detected AX J0049.4−7323 in
the RXTE observations reported in Table 2. Figure 2 shows
the long-term spin period evolution of AX J0049.4−7323. In
addition to the spin period measurements obtained in this work,
we included the spin period measured by Yokogawa et al. (2000)
using ASCA (PASCA = 755.5±0.6s). Figure 2 shows a significant
long-term spin-up of P˙ = (−3.00 ± 0.12) × 10−3 s day−1.
The source does not show significant variability such as
flares within each observation, in agreement with previous find-
ings obtained by Hong et al. (2017), Haberl et al. (2008), and
Haberl & Pietsch (2004), based on Chandra and XMM-Newton
data.
3.3. Long-term flux variability
Figure 3 shows the long-term flux history of AX J0049.4−7323,
from 2000 April 11 to 2017 March 15, based on Swift/XRT,
Chandra, XMM-Newton, RXTE/PCA, INTEGRAL, and ASCA
data. Each point, except for INTEGRAL, represents the aver-
age 0.3−8 keV flux measured during the different observations.
For INTEGRAL, sky images of each pointing were generated
in the energy band 20 − 40 keV. AX J0049.4−7323 was never
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Table 2. Measurements of the spin period and 0.3−8 keV flux of
AX J0049.4−7323 in RXTE observations.
Tstart Tstop Pspin Fx
MJD (s) (10−11 erg cm−2 s−1)
51800.00 51800.70 753.24 ± 0.42 1.75 ± 0.16
51800.86 51801.30 753.00 ± 0.41 1.62 ± 0.16
51801.44 51802.28 753.28 ± 0.31 1.48 ± 0.16
52193.617 52193.76 749.48 ± 1.81 3.50 ± 0.16
52199.47 52199.57 751.686 ± 4.3 1.25 ± 0.16
54010.46 54010.73 749.398± 3.52 0.46 ± 0.16
54539.03 54539.14 749.82 ± 4.9 1.21 ± 0.16
55363.906 55364.087 727.09 ± 6.9 0.43 ± 0.16
Fig. 2. Spin period evolution of AX J0049.4−7323. The black line
shows the best-fit long-term spin-up. Error bars indicate 1σ uncertain-
ties.
detected, being below the 5σ threshold of detection, in the in-
dividual sky images of each pointing. Then, for each INTE-
GRAL revolution, we combined the individual images to pro-
duce mosaic images. As already shown in Coe et al. (2010),
AX J0049.4−7323 is detected with a significance of 6.9σ during
the INTEGRAL revolution 796, corresponding to the time inter-
val 54941.368−54942.975MJD and orbital phase φ = 0.992.
The 20−40 keV is Fx = (3.8 ± 0.6) × 10−11 erg cm−2 s−1,
corresponding to a luminosity of (1.7 ± 0.3) × 1037 erg s−1.
AX J0049.4−7323 was never detected in the other revolution-
based mosaic images. It has been observed with a long ex-
posure (429 ks) during the periastron passage ∼57316−57335
MJD. We measured a 20 − 40 keV 3σ flux upper limit of
9.8 × 10−12 erg cm−2 s−1.
For RXTE data, we used equation 5 of Yang et al. (2017) to
calculate, from each pulsation amplitude and corresponding un-
certainty, the 0.3 − 8 keV flux of the source. We converted the
flux from units counts/PCU/s to erg cm−2 s−1 using PIMMS and
assuming an absorbed power law model with NH = 4×1021 cm−2
and a photon index of 0.8. For the pulsed fraction, we as-
sumed, in accordance with Yang et al. (2017) and the typical
values of AX J0049.4−7323 (Hong et al. 2017), pf = 0.4. The
RXTE fluxes depend on the spectral and pulsed fraction pa-
rameters reported above, which are variable. Therefore, RXTE
fluxes could be subject to large uncertainties. By varying the
spectral parameters and pf according to Table 3 and Hong et al.
(2017) and Haberl et al. (2008), we find that the RXTE fluxes
are known with a relative uncertainty of ∼ 50%. Figure 3 shows
that RXTE data have a systematically higher flux than the ob-
servations from other instruments, also when the relative uncer-
tainties of ∼ 50% of RXTE fluxes are taken into account. This
is a selection bias caused by the larger number of RXTE/PCA
observations with AX J0049.4−7323 in the field of view (391,
Yang et al. 2017) compared to the low number of observations
from other telescopes, together with the relatively low sensitiv-
ity of RXTE/PCA (flux threshold: ≈ 4 × 10−12 erg cm−2 s−1 in
the 2−10 keV energy band; Jahoda et al. 1996). In addition to
Swift, XMM-Newton, Chandra, and RXTE, we plotted the ASCA
fluxes reported in Yokogawa et al. (2000) and converted to the
0.3−8keV energy range assuming an absorbed power law spec-
trum with the parameters found by Yokogawa et al. (2000) dur-
ing the ASCA observations. INTEGRAL data of Fig. 4 are instead
in the 20−40 keV energy range.
AX J0049.4−7323 shows a high X-ray variability, span-
ning more than three orders of magnitude, from ∼ 1.7 ×
10−14 erg cm−2 s−1 (corresponding to a luminosity of Lx ∼
8 × 1033 erg s−1 in the energy range 0.3−8 keV) to ∼ 3.5 ×
10−11 erg cm−2 s−1 (Lx ∼ 1.6×1037 erg s−1). We found that, in ad-
dition to ASCA (Coe & Edge 2004), Swift, RXTE, and Chandra
also observed AX J0049.4−7323 at orbital phases not coincid-
ing with the periastron during relatively high luminosity states
(Lx > 2 × 1035 erg s−1).
Figure 4 shows the X-ray light curve folded at the orbital
period of AX J0049.4−7323 (we adopted the ephemeris calcu-
lated by Schmidtke et al. 2013). At periastron (0.02 . φ .
0.98) the flux is on average higher than elsewhere and varies
by a factor of ∼4, from Fx ≈ 8 × 10−12 erg cm−2 s−1 (Lx ≈
3.7 × 1036 erg s−1) to Fx ≈ 3.5 × 10−11 erg cm−2 s−1 (Lx ≈
1.6 × 1037 erg s−1). Outside the periastron passage, the maxi-
mum variability factor is ≈270, and the flux (luminosity) ranges
from Fx ≈ 1.7 × 10−14 erg cm−2 s−1 (Lx ≈ 8 × 1033 erg s−1) to
Fx ≈ 4.6×10−12 erg cm−2 s−1 (Lx ≈ 2.1×1036 erg s−1). The light
curve does not show a sinusoidal modulation. On the contrary,
it is characterized (see also Fig. 3) by jumps in luminosity ap-
parently uniformly distributed across the orbit rather than being
clustered at some particular orbital phase.
3.4. UVOT
Figure 5 shows the UVOT light curves in four filters (U: 3465Å;
W1: 2600Å; M2: 2246Å; W2: 1928Å) folded at the orbital pe-
riod (see Sect. 3.3). Clearly, AX J0049.4−7323 is significantly
variable in all bands, with amplitudes ∆mU = 0.1, ∆mW1 = 0.16,
∆mM2 = 0.15, and ∆mW2 = 0.07. Unfortunately, the data are too
sparse to draw any conclusion about the UV variability along the
orbit of AX J0049.4−7323.
4. Discussion
4.1. Secular spin-up
Our data analysis of RXTE data led to a lower number of detec-
tions compared to the works of Klus et al. (2014) and Yang et al.
(2017). This is due to the highest threshold of detection adopted
in our work (99.9% versus 99%) and to the different data
analysis reduction (for the sophisticated data analysis proce-
dure adopted by Klus et al. (2014) and Yang et al. (2017), see
Galache et al. 2008). Since we set a higher detection threshold
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Fig. 3. X-ray light curve (0.3−8 keV) of AX J0049.4−7323 obtained from Swift/XRT, Chandra, XMM-Newton, and RXTE data analysed in this
work, and ASCA data from Yokogawa et al. (2000). INTEGRAL points are in the energy range 20−40 keV. Downward arrows are used to indicate
3σ upper limits. Grey vertical lines show the times of periastron passages according to the ephemeris calculated by Schmidtke et al. (2013). The
right y-axis shows the absorbed 0.3 − 8 keV X-ray luminosity, assuming d = 62 kpc. Error bars indicate the 1σ uncertainties.
Fig. 4. Swift, Chandra, XMM-Newton, and RXTE 0.3−8 keV fluxes
folded at the orbital period of AX J0049.4−7323. INTEGRAL points are
in the energy range 20−40 keV. Downward arrows are used to indicate
3σ upper limits. Vertical dashed lines and dot-dashed lines show the
position of the periastron passages and their uncertainties, respectively.
in the Lomb–Scargle analysis, we consider only the strongest
signals. Our measurements are thus less contaminated by other
signals (e.g. from other pulsars of the SMC in the field of view of
AX J0049.4−7323) which could lead to lower precision and ac-
curacy of the measurements. The improvement obtained by the
increase in the detection threshold can be seen in Fig 2 where the
values of the spin periods are less scattered than they are in the
plots of Klus et al. (2014) (figure B39) and Yang et al. (2017)4.
AX J0049.4−7323 shows a long-term spin-up rate of P˙ =
(−3.00 ± 0.12) × 10−3 s day−1, which is more precise than the
spin-up rate reported in Yang et al. (2017) [P˙ = (−4.1 ± 1.6) ×
10−3 s day−1]. Such high secular spin-up, when compared with
those of other accreting pulsars, indicates that the pulsar of
AX J0049.4−7323 is likely far from its equilibrium period.
For comparison, the Be/XRB SAX J2103.5+4545 has shown,
since its discovery in 1997, a secular spin-up of P˙ ≈ −1.2 ×
10−3 s day−1 (Camero et al. 2014) and it is believed that it has
not yet reached its equilibrium period (Baykal et al. 2002). If
the pulsar of AX J0049.4−7323 were in equilibrium, it would be
possible to obtain an estimate of its magnetic field strength (see
e.g. Klus et al. 2014). Since AX J0049.4−7323 is not in equilib-
rium, we can just calculate an upper limit for its magnetic field.
For this purpose, we used the calculations presented in Ikhsanov
(2007) to show that slow pulsars (Pspin ∼ 102 − 104 s) in equilib-
rium do not need supercritical initial magnetic fields of the NS
(B ≥ Bcr ≈ 4.4 × 1013G). Adapting the calculations presented
for the spherical accretion scenario (see equation 8 in Ikhsanov
2007), the maximummagnetic field of AX J0049.4−7323 would
4 See https://authortools.aas.org/AAS03548/FS9/figset.
html
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Table 3. Spectral parameters and fluxes of the XMM-Newton, Swift, and Chandra observations analysed in this work. For observations for which
spectral analysis was possible, we reported the unabsorbed luminosity.
XMM-Newton
MJD ObsID Exposure [ks] NH Γ χ2ν (d.o.f.) absorbed flux unabs. flux Lx Orb. phase
pn mos1 mos2 1022 cm−2 (0.3−8 keV) erg cm−2 s−1 (0.3−8 keV) erg s−1
51832.63 0110000101 15.9 23.7 22.1 0.27+0.04
−0.03 0.74 ± 0.05 0.892 (115) 9.5 ± 0.3 × 10
−13 10.4+0.3
−0.3 × 10
−13 4.48+0.15
−0.14 × 10
35 0.082
54201.83 0404680301 13.0 0.44+0.06
−0.06 1.03 ± 0.08 1.168 (47) 7.1 ± 0.3 × 10
−13 8.4+0.3
−0.4 × 10
−13 3.63+0.14
−0.16 × 10
35 0.109
55107.21 0601211301 31.2 1.7 ± 0.5 × 10−14 0.413
Swift
MJD ObsID Exposure [ks] NH Γ C − stat (d.o.f.) g-o-f absorbed flux unabs. flux Lx Orb. phase
XRT/PC 1022 cm−2 (0.3−8 keV) erg cm−2 s−1 (0.3−8 keV) erg s−1
54696.456 00037787001 3.1 < 2.8 × 10−13 ∗ 0.368
55003.093 00031428001 0.6 < 1.3 × 10−12 ∗ 0.148
55542.323 00090522001 9.9 < 9.8 × 10−14 ∗ 0.520
55607.252 combined5 10.5 < 1.2 × 10−13 ∗ 0.685
55681.016 00090522005 10.0 < 1.4 × 10−13 ∗ 0.872
55742.18 00040442001 2.26 0.33+0.18
−0.14 0.68
+0.25
−0.24 93.18 (121); 87.82% 8.0
+1.0
−0.9 × 10
−12 8.8+1.0
−0.9 × 10
−12 4.0+0.5
−0.4 × 10
36 0.028
55792.999 combined6 2.5 < 7.7 × 10−13 ∗ 0.157
55793.768 00040440001 1.6 9.4 ± 2.9 × 10−13 0.159
55794.905 00040440002 0.2 < 2.5 × 10−12 ∗ 0.162
55796.30 combined1 21.36 0.23+0.12
−0.10 1.03
+0.23
−0.22 95.89 (113); 97.77% 4.1
+0.5
−0.5 × 10
−13 4.7+0.5
−0.5 × 10
−13 2.4+0.2
−0.2 × 10
35 0.166
55797.507 00032075002 6.3 7.5 ± 1.5 × 10−13 0.1687
55797.747 00032080001 2.9 6.5 ± 1.8 × 10−13 0.1693
55798.638 00032075003 10.5 6.4 ± 1.0 × 10−13 0.172
55802.352 combined4 4.1 7.3 ± 1.6 × 10−13 0.181
55894.422 00032194001 0.9 < 7.8 × 10−13 ∗ 0.415
57289.163 00034071001 0.4 < 1.0 × 10−12 ∗ 0.963
57824.949 00088083001 7.2 5.0 ± 1.1 × 10−13 0.326
57825.78 combined2 21.84 0.29+1.28
−0.19 0.77
+1.02
−0.31 58.72 (76); 98.69% 3.5
+0.5
−0.5 × 10
−13 3.9+3.0
−0.5 × 10
−13 1.8+1.4
−0.2 × 10
35 0.328
57826.139 00088083002 7.3 4.1 ± 1.0 × 10−13 0.329
57827.275 00088083003 7.3 4.8 ± 1.2 × 10−13 0.332
Chandra
MJD ObsID Exposure [ks] NH Γ χ2ν (d.o.f.) absorbed flux unabs. flux Lx Orb. phase
ACIS-S / -I 1022 cm−2 (0.3−8 keV) erg cm−2 s−1 (0.3−8 keV) erg s−1
52549.6 2945 11.7 (ACIS-S) 9.3+3.1
−2.5 × 10
−14 0.906
52698.6 3907 50.8 (ACIS-S) 7.9+0.6
−0.6 × 10
−14 0.285
54060.5 8479 42.6 (ACIS-I) 0.41+0.09
−0.09 0.85
+0.10
−0.10 1.081 (47) 1.16
+0.05
−0.05 × 10
−12 1.37+0.05
−0.05 × 10
−12 6.3+0.2
−0.2 × 10
35 0.750
54061.8 7156 39.2 (ACIS-I) 0.48+0.07
−0.07 0.87
+0.09
−0.08 1.089 (56) 1.23
+0.05
−0.05 × 10
−12 1.43+0.05
−0.05 × 10
−12 6.6+0.2
−0.2 × 10
35 0.753
54062.6 8481 16.2 (ACIS-I) 0.47+0.19
−0.18 0.91
+0.18
−0.17 0.974 (22) 1.44
+0.09
−0.09 × 10
−12 1.68+0.10
−0.09 × 10
−12 7.7+8.2
−7.3 × 10
35 0.755
55300.9 11097 29.9 (ACIS-S) 4.4+0.8
−0.7 × 10
−14 0.905
55307.1 11980 23.0 (ACIS-S) 5.4+1.0
−0.9 × 10
−14 0.921
55308.9 12200 27.1 (ACIS-S) 6.8+1.0
−1.0 × 10
−14 0.926
55317.7 11981 34.0 (ACIS-S) 7.0+1.0
−1.0 × 10
−14 0.948
55318.6 12208 16.2 (ACIS-S) 1.1+0.2
−0.2 × 10
−13 0.950
56355.9 14674 46.5 (ACIS-S) < 2.3 × 10−13 ∗ 0.589
combined3 239.2 (ACIS-S) 0.73+0.27
−0.24 1.63
+0.28
−0.26 1.237 (11) 4.8
+0.4
−0.4 × 10
−14 7.6+1.6
−6.0 × 10
−14
Notes. 1: ObsID of the combined observations: 00040440001, 00032075002, 00032080001, 00032075003. 2: ObsID of the com-
bined observations: 00088083001, 00088083002, 00088083003. 3: ObsID of the combined observations: 3907, 2945, 11097,
11980, 12200, 11981, 12208. 4: ObsID of the combined observations: 00040462002, 00040462003, 00040439002, 00040440003,
00040439003. 5: ObsID of the combined observations: 00090522002, 00090522003, 00090522004. 6: ObsID of the combined
observations: 00040462001, 00040439001. ∗ 3σ upper limit.
be
Bsph . 2.7 × 1010Peqk
−1/2
t ξ
1/2
0.2 M1.4L
1/2
37 ×
×
(
vrel
400 km s−1
)−2 (
Porb
250 d
)−1/2
≈ 3 × 1012 G, (1)
where kt is a parameter of the order of unity (Ikhsanov 2007;
Ikhsanov et al. 2002), M1.4 = MNS/(1.4M⊙) is the mass of the
NS, L37 = is the X-ray luminosity in units of 1037 erg s−1, vrel is
the relative velocity between the NS and the wind from the com-
panion star, and ξ0.2 = ξ/0.2 is a factor that takes into account
the reduction of the angular momentum accretion rate caused
by velocity and density inhomogeneities in the accretion flow
(see Ikhsanov 2007 and references therein). Since the pulsar of
AX J0049.4−7323 is not in equilibrium, we calculated the upper
limit Bsph for the conservative case of Peq = 750 s, and we as-
sumed an average luminosity of ∼ 4 × 1035 erg s−1. We obtained
it from the Swift, Chandra, XMM-Newton, and ASCA observa-
tions. We did not consider the RXTE observations because they
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Fig. 5. UVOT observations folded at the orbital period of
AX J0049.4−7323. Downward arrows are used to indicate 3σ upper
limits. Vertical dashed lines and dot-dashed lines show the position of
the periastron passages and their uncertainties, respectively.
would introduce a bias due to the relatively low sensitivity of
PCA compared to the other three instruments.
Ikhsanov (2007) pointed out that the probability of observ-
ing in X-ray a long-period accreting pulsar fed by an accretion
disc at a rate of ∼ 1015 g s−1 is very low because the accretion
disc would spin up the pulsar at a high rate, implying a lifetime
of the pulsar during the accretion phase of ≪ 1000 yr, i.e. sev-
eral orders of magnitude smaller than the typical lifetime of ac-
creting NSs in high-mass X-ray binaries. Therefore, according
to Ikhsanov (2007), the accretion disc scenario is unlikely for
binary systems similar to AX J0049.4−7323. Nonetheless, we
considered here, for completeness, also this case. From equation
7 in Ikhsanov (2007), the upper limit of the magnetic field in the
accretion disc case would be
Bdisc . 4.2 × 1011P7/6eq κ
7/24
0.5 k
−7/12
t M
1/3
1.4 L
1/2
37 ≈ 2 × 10
14 G, (2)
where κ0.5 = κ/0.5 is a parameter that takes into account the
geometry of the accretion flow (κ = 0.5 corresponds to disc ge-
ometry, while κ = 1 to the spherical geometry). We assumed the
same Peq and L37 of the spherical accretion case.
4.2. Long-term variability
AX J0049.4−7323 (Figs. 3 and 4) shows an enhanced X-ray lu-
minosity (≈ 1036 − 1037 erg s−1) at periastron. In a few cases,
the source has been detected at high X-ray luminosities (similar
to those observed at periastron) across the entire orbit, including
orbital phases near to the apastron.Moreover, AX J0049.4−7323
shows a high variability far from periastron, with a maximum
variability factor of ∼ 270.
The periodic outbursts at periastron displayed by
AXJ0049.4−7323 are consistent with the definitions of
type I outburst given in Sect. 1. In the framework of the
truncation disc model, the system is expected to have a high
eccentricity to show regular type I outbursts. On the other
hand, the strong X-ray variability and high luminosity states
observed out of periastron cannot be reconciled with the
typical variability of Be/XRBs, traditionally described in terms
of type I and type II outbursts. The same conclusion was
reached by Coe & Edge (2004) on the basis of three ASCA
outbursts (Lx ≈ 1035 erg s−1) observed far from periastron. The
anomalous X-ray variability of AX J0049.4−7323 noted by
Coe & Edge (2004) is confirmed by the results presented in
Sect. 3; it is further complicated when the RXTE detections
reported in Yang et al. (2017) and Klus et al. (2014) are taken
into account. Figure 6 shows two interesting RXTE detections
at ta = 55262.10MJD and tb = 55556.02MJD (Yang et al.
2017; Klus et al. 2014). Together with the Chandra and Swift
detections and upper limits reported in Table 3 and shown in
Fig. 6, they constitute two peculiar events characterized by
high variability and with timescales t ≪ Porb, located far from
periastron. In particular, from ∼55262MJD (RXTE observation)
to ∼55300MJD (Chandra observations), about 90 days before
the periastron passage (φorb ≈ 0.8 − 0.9), the X-ray flux de-
creased by a factor of ∼ 150 in less than about 38 days. Chandra
observed the source five times in the subsequent 18 days. During
this period, AX J0049.4−7323 showed a slow increase in flux,
from ≈ 4 × 10−14 erg cm−2 s−1 to ≈ 10−13 erg cm−2 s−1. After this
X-ray dip caught by Chandra, AX J0049.4−7323 was observed
again by RXTE, close to periastron (∼55364MJD), with a flux of
≈ 4.3 × 10−12 erg cm−2 s−1. Another jump in luminosity was ob-
served in the subsequent orbital cycle, when AX J0049.4−7323
showed an increase in brightness from Fx ≤ 10−13 erg cm−2 s−1
at ∼55542MJD (Swift/XRT) to Fx ≈ 4 × 10−12 erg cm−2 s−1
at ∼55556MJD (RXTE, Yang et al. 2017), and then a decrease
to Fx ≤ 10−13 erg cm−2 s−1 at ∼55607MJD (Swift/XRT). The
peak luminosity was observed close to apastron (at the orbital
phase ∼ 0.56). The timescale of the variability and the flux
levels are similar to those of the previous event. This variability
could be ascribed to multiple short-term outbursts peaking
randomly in the orbital phase. Hereafter, we consider two
possible mechanisms to explain the observed variability.
4.2.1. Gating mechanism
The decrease in luminosity observed during the events reported
in Sect. 3 might be caused by the onset of the centrifugal bar-
rier when the mass inflow rate decreases to a certain limiting
value. Transitions from direct accretion to centrifugal inhibition
of accretion (or propeller, Illarionov & Sunyaev 1975) were pro-
posed by Stella et al. (1986) to explain the high dynamical range,
spanning up to six orders of magnitudes, of the X-ray luminos-
ity of some transient Be/XRBs. These transitions depend on the
amount of inflowing matter, on the magnetic field strength of
the NS and on its spin period. They can be easily understood
by introducing the definitions of corotation and magnetospheric
radii. The corotation radius (rc) is the distance from the NS at
which there is a balance between the NS angular velocity and
the Keplerian angular velocity. For AX J0049.4−7323 we obtain
rc = (GMNS)1/3(Ps/2pi)2/3 ≈ 1.4 × 1010 cm, where we assumed
MNS = 1.4M⊙ and Ps = 750 s. The magnetospheric radius (rm)
is the distance from the NS where the magnetic field pressure
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Fig. 6. X-ray light curve of AX J0049.4−7323 around the periastron
passage at ≈ 55340MJD, showing the RXTE detections reported in
Yang et al. (2017) and Klus et al. (2014) (filled green boxes). The grey
vertical stripe shows the time of periastron passage according to the
ephemeris calculated by Schmidtke et al. (2013).
equals the ram pressure of the accreted ionized plasma dragged
along the field lines. If the magnetospheric radius is pushed in-
side the corotation radius by a sufficiently high amount of inflow-
ing matter, the matter is expected to be effectively accreted by
the NS. If the inflowing matter decreases, for example because
of small variations in the wind properties around the NS (den-
sity and wind velocity), the magnetospheric radius can expand
beyond the corotation radius. In this case, the plasma dragged
by the magnetic field lines at the magnetosphere would rotate
at a super-Keplerian rate, the magnetosphere would behave as a
closed barrier, and direct accretion would be inhibited. Accord-
ing to Stella et al. (1986), the minimumX-ray luminosity caused
by direct accretion is obtained assuming rm = rc, and it is given
by
Lmin =
GMNSM˙min
R
≈ 4 × 1030R−16 M
−2/3
1.4 µ
2
30P
−7/3
750 erg s
−1, (3)
where M˙min is the minimum mass accretion rate for which the
NS accretes directly, R6 = 106 cm is the radius of the NS,
M1.4 = 1.4M⊙ is the mass of the neutron star, µ30 = 1030Gcm3
is the NS magnetic moment, and P750 = 750 s is the spin pe-
riod of AX J0049.4−7323. In Eq. (3) we assumed a 100 % effi-
cient conversion of the gravitational potential energy of the ac-
creted matter into X-ray radiation. If we assume that the mini-
mum X-ray luminosity caused by direct accretion is the lowest
luminosity observed by XMM-Newton and Chandra when the
pulsation was detected (Hong et al. 2017; Haberl et al. 2008),
i.e. Lmin ≈ 3 × 1035 erg s−1, from Eq. (3) we find that the pul-
sar of AX J0049.4−7323 should have a magnetic field strength
of ≈ 2.7 × 1014G. When the centrifugal barrier becomes ac-
tive (rm = rc), the maximum allowed luminosity in the propeller
regime is given by (see Campana 1997)
Lmax =
GMNSM˙min
rc
≈ 2.3 × 1027µ230M
−1
1.4P
−3
750 erg s
−1, (4)
which is of the order of 1030 erg s−1 when we assume B ≈ 2.7 ×
1014G5. The value of Lmax found with Eq. 4 is more than three
5 The approximated equation 2 for the calculation of the magneto-
spheric radius in Stella et al. (1986) might lead to overestimating it, as
discussed in Bozzo et al. (2009). Therefore, the values given in Eqs. (3)
and (4) have to be taken with caution, and could be affected by an un-
certainty of a factor of a few.
orders of magnitude lower than the lowest luminosity observed
by XMM-Newton in October 2009, Llowest = 8 × 1033 erg s−1.
This value of Llowest is about 10–100 times higher than the X-ray
luminosity of the brightest known Be stars (Motch et al. 2007),
and about 103 times higher than the X-ray luminosity of typical
Be stars. Therefore, the source of this emission is most likely the
NS rather than the Be star. The lack of detection of pulsations
in the Chandra observations at low luminosity (Sect. 3) might
be due to insufficient statistics. To verify this possibility, we per-
formed a timing analysis of the Chandra data at the lowest flux
(55300.9≤ t ≤55318.6MJD) which was not reported in previous
works. We used barycentred background subtracted light curves,
assuming two different bin sizes: 50 s and 100 s. We searched for
periodicities using the Lomb–Scargle periodogram technique as
described in Sect. 3.2. We did not detect any significant (≥ 3σ)
pulsating signal in the data. We performed simulations on the
two light curves built with different bin sizes (50 s and 100 s) to
set a 3σ upper limit on the pulsed fraction of a sinusoidal signal
of about 45%. This upper limit is comparable with the typical
pulsed fraction of the source detected at higher luminosities (see
e.g. Hong et al. 2017). Therefore, we conclude that the transi-
tions from centrifugal inhibition of accretion to direct accretion
is unlikely to be responsible for the observed jumps in X-ray
luminosity.
4.2.2. Accretion from a cold disc
Another possibility is given by the scenario proposed by
Tsygankov et al. (2017). They showed that, after an outburst, a
sufficiently slow pulsar in a Be/XRB could switch to an accretion
state in which the pulsar is fed by a cold accretion disc. This ac-
cretion state is possible if the mass accretion rate is sufficiently
high to open the centrifugal barrier (rm < rc) and sufficiently
low to have an accretion disc colder than ≈ 6500K. The latter
condition is verified if6
L < Lcold = 9 × 1033κ1.5M0.281.4 R
1.57
6 B
0.86
12 erg s
−1 ,
where B12 = B/(1012G). The magnetic field strength of the pul-
sar in AX J0049.4−7323 is not known. Assuming four test val-
ues, B12 = 1012, B13 = 1013, B14 = 1014G, and B15 = 1015G,
we find Lcold12 = 3×10
33 erg s−1, Lcold13 = 2.3×10
34 erg s−1, Lcold14 =
1.7×1035 erg s−1, and Lcold15 = 1.2×10
36 erg s−1. Tsygankov et al.
(2017) also noted that the accretion state (cold disc versus pro-
peller) after an outburst is determined by the spin period and
magnetic field strength. Stable accretion from a cold disc, in-
stead of the onset of the propeller regime, is possible if
Pspin > P
∗ = 36.6κ6/7B0.4912 M
−0.17
1.4 R
1.22
6 s.
Assuming again four possible values for the magnetic field
strength of the pulsar, we find P∗12 = 20 s, P
∗
13 = 62 s, P
∗
14 =
193 s, and P∗15 = 596 s. Therefore, the relatively high luminosi-
ties of AX J0049.4−7323 observed far from periastron (Lx ≈
2× 1035− 1036 erg s−1) might be caused by stable accretion from
a cold accretion disc only if the magnetic field of the pulsar is
high, i.e. B & 1014G. Although magnetic fields of this magni-
tude are possible in accreting NSs in high-mass X-ray binaries,
6 Tsygankov et al. (2017) presented accurate conditions to have accre-
tion from a cold disc (see their equations 12 and 13). However, due to
the lack of enough information for AX J0049.4−7323, we use here the
simplified conditions, based on the assumption that the temperature of
the accretion disc reaches its maximum at the inner radius (see equa-
tions 6 and 7 in Tsygankov et al. 2017).
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they should represent rare cases compared to the typical val-
ues measured so far (B ≈ 1011−13G, Revnivtsev & Mereghetti
2015). Therefore, accretion from a cold disc is unlikely to be the
reason for the short-term variability at random orbital phases in
AX J0049.4−7323.
4.2.3. Perturbed circumstellar disc
If we exclude that the two previous mechanisms are responsi-
ble for the high X-ray variability of AX J0049.4−7323, one pos-
sibility is that outside the time periods with enhanced X-ray
activity (Lx ≥ 1035 erg s−1), AX J0049.4−7323 is a persistent
emitter, with luminosity of the order of Llowest. There is a small
subclass of Be/XRBs that display persistent X-ray emission at
low luminosity levels (Lx ≥ 1034 − 1035 erg s−1) and low X-ray
variability (compared to Be/XRB transients; see Reig & Roche
1999 and references therein). AX J0049.4−7323 has some prop-
erties in common with the class of persistent Be/XRBs, which
also contains slowly rotating NSs (Pspin > 200 s) in wide orbits
(Porb > 30 d; Reig 2007, 2011). On the other hand, persistent
Be/XRBs have low eccentricities (e < 0.2), at odds with the
high eccentricity inferred for AX J0049.4−7323 to explain the
outbursts at periastron (see beginning of this section). Nonethe-
less, we note that another persistent Be/XRB, RX J0440.9+4431
(Porb ≈ 150 d, Pspin ≈ 205 s), rarely showed flaring activity at
periastron (peak luminosity Lx ≈ 7.5 × 1036 erg s−1, 2−30 keV;
Ferrigno et al. 2013). In this system, the persistent emission
(Lx ≈ 5 × 1034 erg s−1) might be a consequence of the accre-
tion of the rarefied wind produced by the companion star out-
side the circumstellar disc, while the flares are related to the ac-
cretion at periastron of the dense wind of the circumstellar disc
(Ferrigno et al. 2013).
The observed jumps in luminosity might suggest that the ma-
terial accreted by the NS across the orbit is strongly inhomo-
geneous, and it is characterized by strong variations in density
and stellar wind velocity uncorrelated with the orbital phase. In
Sect. 3 we showed that the variability timescales of these jumps
is . 37 d. Assuming a circular orbit, an orbital period of 393 d,
and masses of the two stars of M∗ = 18M⊙ (Klus et al. 2014)
and MNS = 1.4M⊙, we find that the sizes of the structures re-
sponsible for the variability are of the order of 2.5 × 1013 cm.
Such large structures encountered by the NS along the orbit
might be the result of the tidal interaction of the NS with the cir-
cumstellar disc during previous orbital passages. As suggested
by Okazaki & Negueruela (2001), in binary systems with very
long orbital periods (& 200 d), the Be disc might be able to
spread out significantly beyond the truncation radius while the
NS is far from periastron. Moreover, three-dimensional hydro-
dynamic simulations have shown that in a systems with a mis-
aligned orbital plane and a circumstellar disc, a warped and ec-
centric circumstellar disc can develop (Martin et al. 2014). We
propose that the disc expansion in AX J0049.4−7323 might oc-
cur not uniformly on the equatorial plane of the Be star, and
when the NS crosses the circumstellar disc again, it might ac-
crete large isolated structures characterized by high density and
low wind velocity. It is worth noting that GRO J1008−57, an-
other Be/XRB with a long orbital period (∼ 250 d) showed an
anomalous variability in 2014/2015, namely three outbursts in
a single orbit, with the peak of the third reached at apastron
(Kühnel et al. 2017). Kühnel et al. (2017) discussed the peculiar
variability of GRO J1008−57 in the framework of misaligned or-
bital plane and circumstellar disc, with outbursts occurring at the
intersection between these two planes.We point out that variabil-
ity displayed by GRO J1008−57 in 2014/2015, shows some sim-
ilarities with that observed in AX J0049.4−7323 and presented
in this work. Nonetheless, we note that it is difficult to explain
the X-ray variability of AX J0049.4−7323with the scenario pro-
posed for GROJ1008−57. In fact, the high luminosity states of
AX J0049.4−7323 observed far from periastron by ASCA,Chan-
dra, and RXTE, always occur at different orbital phases, while
the other intersection (at periastron) is constant in phase with
time. Such strong variability of the phase at which one of the
two intersections occurs would require a warped/tilted or high
precessing circumstellar disc.
5. Conclusions and future work
We presented an analysis of archival Swift, Chandra,
XMM-Newton, RXTE, and INTEGRAL data of the Be/XRB
AXJ0049.4−7323. The spectral analysis shows an anti-
correlation between the power law slope describing the X-
ray continuum and the X-ray flux. This behaviour has been
observed in other accreting pulsars in early-type systems
(e.g. Reig & Nespoli 2013; Romano et al. 2014; Malacaria et al.
2015).
AX J0049.4−7323 shows a secular spin-up of P˙ = (−3.00 ±
0.12) × 10−3 s day−1, which suggests that the pulsar has not yet
achieved the equilibrium period.
To gain more information about the X-ray properties of
AX J0049.4−7323, we studied its long-term X-ray variability,
making use of ASCA, Swift, Chandra, XMM-Newton, RXTE, and
INTEGRAL data analysed here and in other works. We found
that AX J0049.4−7323 shows a high X-ray variability, with high
luminosity states (Lx > 5 × 1035 erg s−1) caught by Chandra,
Swift, RXTE, and ASCA far from periastron, which suggests that
the NS experienced prolonged periods of relatively high accre-
tion rate in different orbital cycles, likely due to the presence of
a stable (t & 1000 d) extended circumstellar disc. Two RXTE de-
tections reported by Yang et al. (2017) and Klus et al. (2014), to-
gether with Chandra and Swift data analysed in this work, would
indicate two cases of anomalous fast variability far from perias-
tron. If the RXTE detections reported by Yang et al. (2017) and
Klus et al. (2014) are not due to spurious effects introduced by
statistical fluctuations, we showed that the observed anomalous
fast variability discussed in Sect. 3.3 is likely due to complicated
tidal interactions of the NS with an extended circumstellar disc.
It would be important to observe these flaring events again with
future observations. The hypotheses proposed here and in other
papers (Coe & Edge 2004) to explain the long-term variability
of AX J0049.4−7323 could be verified through a more continu-
ous X-ray monitoring of the source, coupled with simultaneous
spectroscopic observations in optical/UV, especially focused on
the study of the long-term variability of emission lines such as
Hα. This would provide important information about possible
changes of the properties of the circumstellar disc, such as its
size and orientation.
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